To assess general cytotoxic effector cell capabilities by peripheral blood mononuclear cells from patients with active malaria infections, we examined antibody-dependent cellular cytotoxicity, spontaneous cell-mediated cytotoxicity, and lectin-induced cellular cytotoxicity by using human and chicken erythrocyte, Chang cell line, and K562 cell line targets. By using human erythrocyte and Change cell line targets, we found that Thai adults naturally infected with malaria had significantly impaired lectin-induced cellular cytotoxicity. In addition, spontaneous cell-mediated cytotoxicity was deficient with K562 but not with Chang cell line targets. Finally, no change in antibody-dependent cellular cytotoxicity was observed when chicken erythrocyte or Chang cell line targets were used. These observations, coupled with our previous observations of a physical loss of peripheral blood T cells, the presence of lymphocytotoxic serum antibodies, and defective T suppressor cell generation in patients with malaria, indicate that major alterations in the cellular immune system occur in patients with active malaria infections.
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A detailed understanding of the response of the host immune system to malaria infection will result in clarification of the normal human response to parasitic infection as well as eluicidation of the ways in which a parasite modifies the host immune response to avoid neutralization or destruction. We have therefore undertaken a series of experiments designed to determine the immunological alterations which occur during parasitic infection with Plasmodium falciparum and Plasmodium vivax in naturally infected Thai adults. Our studies to date have demonstrated that patients with malaria have a true decrease in circulating T cells but no real change in Null or B cell number (33) , antilymphocyte antibodies in their sera (32) , a decrease in suppressor T cell generating capability (M. J. Gilbreath et al., submitted for publication), and serum factors capable of inhibiting normal lymphocyte blastogenesis (23) . Because the studies which we carried out to date have not assessed cellular effector functions, we chose in the present study to begin examination of peripheral blood mononuclear cell-mediated cytotoxicity, using mononuclear cells from Thai adults naturally infected with P. falciparum and P. vivax. The results of the present experiments indicate that patients with malaria have defective T cell and natural killer (NK) cell cytotoxic capabilities in some systems but do not exhibit defective killer cell function. These abnormalities may be induced by the malaria parasite to allow continued replication.
(This study was presented in part at the Ma- Fig. 3a versus 3b , and Fig. 4a versus 4b) , and they may be due to differences in the number of patients examined, the cycle or condition of the target cells, or seasonal variations in effector cell function.
Isolation and "fractionation" of peripheral blood mononuclear cells. Effector cells were obtained from 15 ml of heparinized peripheral blood (10 U of heparin per ml) and isolated by using Ficoll-Hypaque density gradient centrifugation (7) as previously described (33) . Briefly, mononuclear cells were washed three times and suspended in final medium, RPMI 1640 (GIBCO Laboratories, Grand Island, N.Y.) containing 2 mM glutamine, 25 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) buffer, 50 U of penicillin, 50 ,ug of streptomycin per ml, and 20%o heatinactivated fetal bovine serum. Some mononuclear cell preparations were "fractionated" into adherent and nonadherent cell populations by being passed over a Sephadex G-10 column as previously described (22) . Cells were suspended in final medium and counted, and viability was determined by using the eosin dye inclusion technique. Nonheparinized blood was also obtained from the patients for use in serum regulatory studies.
Preparation of antisera. Anti-Chang cell antibody was prepared by injecting intravenously, without adjuvant, adult male rabbits (3 kg each) with 4 (19, 21) . The antibody-dependent cellular cytotoxicity, lectin-induced cellular cytotoxicity, and spontaneous cell-mediated cytotoxicity assays with Chang or chicken erythrocyte targets were performed as previously described (19, 21 release was determined by adding 5% Triton X-100 to incubation mixtures containing labeled target cells. The spontaneous release of isotope by the labeled target cells was essentially the same in cultures with mononuclear cells as in cultures without mononuclear cells. After the incubation period, the culture mixtures were harvested with a Titertek harvester (Flow), and the amount of radioactivity released from the cells was determined with a Packard model 5835 gamma counter (Packard Instrument Co., Inc., Rockville, Md.). Data were calculated for the assays by the following formula: (E -S/max -S) x 100 = 51Cr specific release, where E = counts per minute (cpm) released from target cells plus effector cells, S = cpm released spontaneously from target cells, and max = cpm released after the addition of 0.5 ml of 5% Triton X-100.
Serum regulatory studies. A series of experiments was carried out to assess the effect of the serum of malarious patients on the ability of mononuclear cells to function as effector cells in the spontaneous cellmediated cytotoxicity, antibody-dependent cellular cytotoxicity, and lectin-induced cellular cytotoxicity assays. In the experiments examining spontaneous cell-mediated cytotoxicity and lectin-induced cellular cytotoxicity, the inhibitory effect of autologous serum on the mononuclear cells of the patients was assessed as previously described (30) . Briefly, the mononuclear cell spontaneous cell-mediated cytotoxicity and lectininduced cellular cytotoxicity activities were studied before and after overnight incubation in serum-free medium. After overnight incubation, 5 
RESULTS
Spontaneous cell-mediated cytotoxicity, antibody-dependent cellular cytotoxicity, and lectininduced cellular cytotoxicity with cell line cells as targets. We first examined spontaneous cellmediated cytotoxicity in which the effectors were NK cells. Spontaneous cell-mediated cytotoxicity against K562 targets by peripheral blood mononuclear cells from malarious Thai adults was significantly lower (P < 0.05) than with cells from healthy controls at 5:1, 25:1, and 50:1 effector-to-target cell ratios (Fig. 1 ). Patients with malaria had deficient NK cell activity when K562 cell line cells were used as targets, but when Chang cell line cells were used as targets, normal levels of spontaneous cell-mediated cytotoxicity were seen (Fig. 2) . Thus, the NK cell deficiency was present only with certain targets. Furthermore, antibody-dependent cellular cytotoxicity, a killer cell-mediated event, was unchanged in peripheral blood mononuclear cells from malaria patients when Chang cell line cells were used as targets ( Fig. 3 (Fig. 5) .
Because lectin-induced phagocytosis of erythrocytes by guinea pig and mouse macrophages has been reported (26) and we examined only unseparated peripheral blood mononuclear cells, the next question which arose was wheth- er the deficiency of cytotoxic effector cell capability was greater in the lymphocytes or the macrophages of the patient or was the same in both cell subpopulations. Defective lectin-induced cellular cytotoxicity (wheat germ agglutinin-human erythrocyte) capacity existed in both the nonadherent mononuclear cell (lymphocyte) population and the adherent mononuclear cell (monocyte-macrophage) population (Fig. 6) The spontaneous cell-mediated cytotoxicity and lectin-induced cellular cytotoxicity responses of mononuclear cells from malarious patients did not increase when the mononuclear cells were incubated overnight in serum-free medium at 37°C. Incubation of the mononuclear cells with autologous serum had little effect on the mononuclear cell spontaneous cell-mediated cytotoxicity response. The lectin-induced cellular cytotoxicity of the mononuclear cells incubated overnight was lower than the lectin-induced cellular cytotoxicity of fresh isolated mononuclear cells, and incubation of the mononuclear cells with autologous serum had little effect on lectin-induced cellular cytotoxicity. Finally, experiments in which nonadherent mononuclear cells from healthy donors were incubated for 2 h with malarious patients' sera that were known to contain cold-reactive lymphocytotoxic antibodies (single serum or pooled patient sera) failed to demonstrate any spontaneous cell-mediated cytotoxicity or lectin-induced cellular cytotoxicity inhibitory factors in the serum of malarious patients. DISCUSSION We have undertaken a series of studies to examine the immunological capabilities of naturally infected Thai adults who have P. falciparum and P. vivax malaria. The naturally infected human host presents a unique and important opportunity to examine the mechanisms by which the malaria parasite attempts to evade recognition and destruction. Our studies suggest that due to the infection with the malaria parasite, a number of immunological changes occur which may prevent the host from mounting a completely effective immune response which would lead to elimination of the P. falciparum or P. vivax organisms. In our previous studies, the changes we have observed include a loss of circulating T cells (33) , a loss of functional concanavalin A-inducible T suppressor cells (Gilbreath et al., submitted for publication), antilymphocyte antibodies (32) , and serum suppressor factors (23) . However, our previous studies did not examine mononuclear cell effector functions, in particular, cell-mediated cytotoxicity. It is conceivable that mitogenic substances (11) present in one or more of the parasites stages, upon reaching an optimal concentration in the circulation, activate nonspecific effector cells. Parasitized erythrocytes may be more susceptible to destruction by these activated cells and could thus be eliminated. If cytotoxic cells function in clearing the malaria parasite, then interference with normal cytotoxic effector mechanisms, as suggested by our present findings, could be one way in which malaria parasites avoid destruction by the host immune system.
Greenwood and co-workers (12) correlate with an increase in the number of Null cells also present in these patients (35 (4, 14, 21, 34) ; spontaneous cell-mediated cytotoxicity but not antibody-dependent cellular cytotoxicity can be mediated by an E-rosetting subset which lacks detectable receptors for Fc (4) ; and both spontaneous cell-mediated cytotoxicity and antibody-dependent cellular cytotoxicity can be mediated by a subset of Null cells (21) . T cells with Fc receptors for immunoglobulin G, i.e., Tg cells (27) , are known to be capable of mediating spontaneous cell-mediated cytotoxicity against K562 cells (13) , whereas adherent monocytes and B lymphocytes appear not to be directly involved in spontaneous cell-mediated cytotoxicity cell lysis (4, 21, 34) . Depending on the lectin used and the target cell type, lectin-induced cellular cytotoxicity effector cells also belong to the Fc receptor-positive population (5, 6), the T cell subclass (28) , Fc receptor-negative populations in the presence of phytohemagglutin (31) , and T, B, and Null cell subclasses (21) . However, lectin-induced cellular cytotoxicity is also critically dependent upon the lectin used and the species from which the target cells are obtained (20 Because serum factors or immunoglobulins might account for our findings, it is of importance that no increase was seen in either spontaneous cell-mediated cytotoxicity or lectin-induced cellular cytotoxicity activity when mononuclear cells from malarious patients were incubated overnight. These results suggest that membrane binding serum factors, such as lymphocytotoxic antibodies or immune complexes, which have been reported to exist in sera from some malaria patients (1, 32), were not inhibiting spontaneous cell-mediated cytotoxicity or lectin-induced cellular cytotoxicity. Furthermore, the finding that sera from patients with malaria do not inhibit spontaneous cell-mediated cytotoxicity or lectin-induced cellular cytotoxicity effector cell functions by mononuclear cells from healthy individuals supports the conclusion that sera from malarious individuals have little or no in vitro effect on nonspecific effector functions. The presence of immune complexes (16) and other substances (18) in sera that bind Fc receptors and inhibit antibody-dependent cellular cytotoxicity in vitro, as well as the demonstration of immune complexes in malarious monkey plasma (15) , suggested a serum regulator mechanism capable of altering normal antibodydependent cellular cytotoxicity activity in vivo. Using the antibody-dependent cellular cytotoxicity inhibition technique, however, we failed to detect immune complexes or any inhibitory factor in sera from patients. Since the antibodydependent cellular cytotoxicity inhibition technique is a sensitive method for detecting small immune complexes (25) in serum, our results indicate either that soluble immune complexes are rarely present in malarious sera or that the immunoglobulin G subclasses responsible for the antibody-dependent cellular cytotoxicity blocking phenomenon differ from those found in immune complexes of malarious sera.
Reduced lectin-induced cellular cytotoxicity activity by macrophages from malarious humans is consistent, in part, with the report by Frankenburg et al. (9) of decreased phagocytosis throughout the malaria infection by cells from lethally infected mice (nonimmune). Furthermore, impaired macrophage lectin-induced cellular cytotoxicity in malarious individuals may be associated with the decrease in T cell numbers known to exist in malarious individuals, since animal studies have demontrated that T cells mediate the activation of macrophages (17, 24) .
The defects observed in the present study have also been described in diseases with possible autoimmune bases, such as multiple sclerosis (2) and systemic lupus erythematosus (30) . The implication of this observation in our understanding of autoimmune disease is that changes such as those observed in the present study can occur secondary to a parasitic agent as well as in autoimmune processes such as systemic lupus erythematosus. On the other hand, the implication for the study of malaria is that the changes in immune function induced by parasitic infestation may allow or contribute to the autoimmune phenomena sometimes seen in these illnesses. Further studies on the mechanisms by which the malaria infection alters human immune function are of importance so that we can learn how parasites avoid or protect themselves from destruction or elimination by the host.
